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OBJECTIVES 

, ■ • . ■ ■ v.' ' , ■ ^ . '•. 

A number of veil known and respected electronic] instruiQentr^ 
■unufacturers have earned thei^ rcpu^itlona by maJclkng precise 

y Beasuring instruioen^s cal2.ed bridges. These instruments are used 
to accurately characterize almost n^ry kind of electrical component 

. f^om fesistors) capacitors apd indpcVor? to transmission lines ' 
and cables. In this, application these i^itruments often represent 
the heart of any calibration and stai^ards laboratory. 

But another important application for these basic kinds of ^ 
circuits escists in scientiEAc dn'strumentation. Bridges can serve 
the roll of signal procassbr^ transforming the physical input to 
a transducer to An electrical output which i^ proportional to that 
physical input. ^ How threse two functions are performed is the sub- 
^ect of this module. Two <:ommoi]^bridge circuits will be used to 
compare come of the ^distinctive characteristics , of DC. and AC bridgefe. 
We will learn how to build and use these bridgfe circuits in the lab- 
oratory.' - ' 




PREREQU5SITES 



The discussion and laboratory procedures suggested in this 
nodule presume familiarity with pertain concepts, skills and in-r 
/ Btruments:. ' ^ - * 

Concepts - voltage, current/ resistance, capacitance, 
inductance ancf pftase. - > 

Skills - breadboarding circuits from^schamatic diagrams, 
/ . graphing data and intermediate alqebra. 
i> . ' *' 

Instruments - power supplier, ohmmeyters, 

decade resistance substitution bo:^, signal 
^ • generator and oscilloscope . 




DC BRIDGE CONCEPTS 



Objectives: State two principle applications for bridge, circuits. 

Eacplain the idean of bridge balance in terms of" the -woit^ge 
« difference between the output of two voltage divider J. 



. ■ 

Bridge circuits generally serve two purposes. One is to 
B^k« •ccurntc Wasuremefnts of the electrical quantifies of re- 
sistance, cape^citance and inductance. The other is to convert 
changes of these quantitites^ into changes in voltage, a more 
suitable quantity" for processing by electronics. 

The second application is perhaps the most useful for 
electronic instrumentation. The first stage of many electronic^* 
instruments is a transducer. A transducer is simply a device 
which" converts a change in some physical quantity, 'such as 
ten^erature , light intensity, fprce or pressure into a change 
in some electrical qui^tity. When a transducer is used as an ' 
element in a bridge circuit the^electrical output is proportional 
to the physical change at the transducer. , ^ 

Bridges are also used as basic circuits in more complex 
^instruments like plinical thermometers, light meters, metal 
detectors, oscillators, and power supplies. ;» ■ 

We can most easily understand the bridge circiJfit by con- 
sidering first a simple voltage divider circuit. Figure la 
shows a pictorial diagram of a volta'ge divider.' Figurte lb' 



PURPOSES AND 
BEHAVIOR OF 



shows the schematic diagram for this circuit. 



THE/HALF BRIDGE 





'if 1 



r 



1 



E = 9V 



BC 



lb 



Figure 1. The voltage divider is the basS, 
a bridge » \ A potenj^pmeter is a 
voltage divider as pictured 
schematid diagram of this, clrj 
shown In lb. . • 



By turning the knob on the potentiometer, the resistance 
between , the centner termina>^nd either , end terVi.irial, c«n be- 
made to vary frora zero to 200 ohms. The center terminal 
,i8 connected to a wiper .that slides along' the/total length 
of the resistive material inside the potert»tiometer . The point 
of contact divides t>ie. total resitance into^two parts which 
are called the arms of the voltage divider. The position of 
the wiper does; not- effect the total resistance across the 
jSattery which remains constant ^^..^00 ohms. By adjusting the 
potentiometer, we can provde voltag^ f rom xero to nine volts. 




Example 



The potentiometer iji Figure 1 has a resistance of 
200 ohms. Suppose the resistance^f rom A to B^s 60 
ohms. Vf^hat is the current in the cii^"~ait anft the 
output voltage, V^^? 



What is V__? 

AB 



From Ohm's Law the curren is I=E/R 9/200 « .045 
i ;cimps or 45 milliamps. 
The* resistance from B to C must be 200 minus 60, or 
140 ohnts, so that the voltage from B ^to C'is 
V^^ ^ (.0.45) (140) volts -= 6.3 volts. 

We also calculate the' voltage V^^ using/Ohm's 
^Law as , ^ ^ ^ . 

^an " (.045) (60)%olts = 2.7 volts. 
It is probably i^o surprise tofyou that the voltage 



2.7 volts, plus the voltage V 



BC 



6.3 volts. 



adds up to give the^applied voltage of 9.0 Volts. 

We have divided the 9.0 volts into twc^ol'ta^es which 

add to nine volts. « 



Suppose that you had two different voltage dividers wi^ 
'^^^ ^"^"^^ voltage for eaCh connected to a voltmeter (assime 
that. th^voO^cmcter draws a negligible current). Figure 2»i 
shovs a bictorial of these two circuits and Figure 2b sho<^s 
th«ir schematic diagram side-by-side . 
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Ne have labeled as V, the voltage output of the circuit on * 
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the left, an<fPorrv_f the voltage ^6n thja right. 

- V ■ - ■ ^ \ - a 

If you wanted these circuits ao hAve the same v(54tag^ cAit- 
pUt/ you would adjust one or both potentiometers until the 
voltages "read" JJie same on the two meters. ^Suppose tha^ you 
use a 10 or 15 volt scale on a meter with 1 volt steps, and 
smallest sqale divisions of 0.2 volt. You adjust the two ^ 
voltages until they are^" equal" at 6.7 volts. 

ybu mj^y realize that we could compare these two voltage^ 
ifith tewer component's. Why r^t use just one battery, as shown 
"in the cchem4tic in figure ^? .The current *nd voltages in 
each ^potentiometer would still be the same as^they were in 
Figure ' . ^ 



• Figj^e 3. ^S^"^ using one yoliage souxce for both voltage 

; . divldiers, we obtain " - 

the Wheatstone .Bridge. ji 



In CQnv«rli{p «nd with thiBVircuit^^there iitstlll 
• baaic problem, ^5^^ think .we read 6,7 volts on endff^e^t^er, ^ 
the actual vol thge cbuldieasily ^i'ffcr from this by as much 
as cftl volta. ; BecauBe the smalliest scale, dfvisions are 0. 2 volts 
apart, la difference of 0.1 volts would npt be easily seen on a ^ 
10 dr<J.5 vo3^ scale, . * 

:if Ve are interested in ra^nsuring. only the"dif f ^rence^of tlh6 
two Output voltages/ why not plac4 one meter diroctly between 
these polnis, as shown in Figure' -N^^fhenAre could use a lower 
•cale orl the voltmeter. For cjcampj^e/ we 4ight use a 0-1 oi?' 

V|8cale with 0,1V step's and smallest scale divisions ofv \^ 
0.02 volts. We cov.id then detect a voltage d\ijrfcrence as little as 
aliaost 0.01 ^olta, • ' ^ ; ' 



1 




r 



Figure 4. 'The condition of, balance can be muc^ more 
accurately determined if the voltmeter 
' measures \^e difference in vpltage between 

the two dividers. \ « ' 



If we place an extremely sensitive voDiOnfe 



A 



k an<£^djust until the voltage V, 



to be b^anced . 
Bridge . 



AB 



Tti^s circuit is called a 



ber in this d( 
circuit is Ja 



rcHlt 
aid • 
balanced Wheats tone 



THE WHEATSTONE BRIDGE ^ 




Objectives: 



Derive th^ balance' conditions for a Wheatstohe Bridge.^* * 

Cite three factors vvhich inYluenc^ the accuracy of a . 
Wheatstone bridqel E:eplain *ttie influence of ' each factor. 

Explain how tb'; extend or "alter ,the basiq^raW^ of a ? 
Wheatstone ^Bridge . - \ , ' ^ ' 



> 



Define and explain the mekiiiing of the' following terms : ^ 
accuracy, balance, null, precision, sensitivity and linearity. 

WorH problems involving all .of these ideas . . . - : ' 



The resistance bridge is usually shown wdtii th6* resis,tances 
on each side of th^voltage dividers as separate resistors. r. \ ' 
Figike 5 shows sucf/% bridge circuit with each resistor labeled. 4^/ 



We have shown the connections of the resisto'irs at the top and 



at the bo t ten brouglit together 
the bridge is baliincedV 
• J. J ■ 



When is xero V^e say that' 
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5 




Figure 5. 



'The,Wheatstoi J Bridge is simply tl^ voltage 
d&/rider pair of^Fi^re 4', but draiht £j\ a 
'dxamond shape. Also shbwri' are tuplcarl^^^ 
/ponent designations m ..:\:.y '/\ .'i-/: '//./:::-. \[. 

"A 



Mm _ you have seen, the balance condition reqiiires\thi*f 
the voltage across. R^r eqjjftis that across Alsi^, tJbp ^ 

^voltage %cr<>8 s rous t equa l^a t' a cr^Js Vi^^ T^ 
^hlps can be expressed using Otim's Law,' Let ('the current^ 

and tbe current 



through the path containing and ;.be I. 
throogh the path containing R^^ and . R^ be '1^. 
V3 • we must have ' V 



Then sii^ce 



- / 



and since 



ve must h^ve 



:V4 - ^B^. 



(2) 



.... • 
Hhen^ the second these two equations 'is divided by the 

* ♦ * ■ ' . • • ■; / • ' . ^ « , ■ ■ - 

£ir8t, the *cwrrerit^ "•cancel" * and we Jiave.. the balance 

.' • ■..•>-• *^ ^ * 

conation the VTheatstone bridge: , 





. He, have said tha t the^l^teatstorie Br;Mge is js^d to measure 
reaintance. But why botlier^krith * biFidgA? Why ' n9t: jus^t use 
an o&iRterV' Because it is possible to measurj^ resistance, 
with greater precision "and accuracy with aVheatstone * * . 
Bridge. ^^he greater precision permits one to distinguish be- 

nearly identical readjjigs". ^his means VA^t, witl^ a 
iPUitable bridge circalit» :53BSista«>pe5 can be m^rasured to 
, "^^^ significant figures w for exaA>ple, an ohmm^ter^ might give, 
a resijstance reading df 10 ^ohins^ for a resistor-L \wlth a 
Vhcatstone Bridge, tAe resistance could be imoa surfed as 10.45 ohms.. 

Acctxracy means th|it, wUthin a specified tolera^nce,. the 
Measured reactance /is the true resistance ? Typidal ohmmeters 
ha^/^e a tolerance of- B% ot "more on their, accuracy. -xA'good ' ' ' 
llho^ft^t<lne Bri^e would ha^e a " tolerance o£ '-;'lfr "or' bettor*. 
jPi.9fUr* 6 shows pictorial and schematic diagrams of' a Wheatstbne ^ 
'Bridge circuit that are suitable for measuring unknowii re:5istAnces . 
"Three basic requirements/ m||ist be met if we expect *^o. measure re- 
sistances with high precision and accuracy. 
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WHEATSTONE 
BALANC t' CQNP I T I.ON-i 

PRECISION AND 
ACCURACY OF -A ^ 
WHEATiStONE BRIDGE 
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Figura 6i The^ bridge citcait' Includes .a decade resistor , 

' - a voltmeter , two \10K resistors and a 9V battkry . 



'l8 necessary to know preciselyNgJ^n the brlidge id^i balanced 
•O^ai: th0 relationship between .the resistance In Equation 3» 
ia Valid,. J, For thi^ purpos^a sensitive voltage, detector is 
needejd, ■ ' . ' ' ■ " » ■ u 

. Secondly, if two^of the refsistprs are precisely matsjied, as', 
hi^ve presumed for the i^esi'Stors in Figure 6,, the un- ^ 

Xnowh resistor/may be determlnec^ by direc8> comparison , with , a \ 
known^&^jidard, Tfie* final requirement then is a preVi^e 
u|:andar4 ^«'*\Ach may be ad j ua ted, over the; desirifed ran^e of resis- 
tances. A pretiision de cadfe Iresistance substitution box wiir serve 

of O-IOOVOOO ohms are .available ^^n pre- 



this function, 

V Oepade res is 



'suppose that R 




ci«ion fit^ps of one \jhra and accivr^cies .oJE, tt.9tter then 0^.1%, 



n)^nown resistance* then^ 



-The accuracy, errors in Rj^, 
in R^ in a rather simple w. 



errors, and^the result is ythe f>ercentage error 



arid R^ cjarvtribut^ to the error 



You. j'u^t add their percentage 
nlage error iri^l^. If 



^2' -0,1% resistor^/ the accuracy errdt in R^ 

would be V. 3%. But if these were oif4.i"3^ry' cartori resis^DTs with 
10% tolerance, then the error in could be as high as 30% 



Example 2. » v . . - • ' 

Q: A Wheatstone Eridge s imilar to the one shown in-Figure i 
is used* to measure an Unknown resistance, Sup5>ose.R-j 



hp decade resistance ^is 



Balance occurs when the 



and R^ are matched to .1% and 
y calibrated to .1% tolerance, 

decade- resistancgj>r'eads 24^6531:3 ohms. What is the 
. accuracy of this measurement? ' How many significant 
figures should hd quoted for tJie value* of the unknown r 
^ sxstance? What 'is the f und'amencal precision of the sy 
^m? ^ „ ■ - , ' 

A" The combined uncf^rtainty ^Jjjitroduced by the toler 




is ,1% 



,1% 



ances of 
±'.2%, It would be misleading 



to quote results having a precisJLon greaber than this ;Un- 
certainty/ ' . • 

-«> ■ ■ . s 

±^% X 24,653 « ±,002 X 24,653*:^ 50 o)yns^ 
The value for the ur;5tnoWn refeistance pay be specified as 

R,^ « 24,650 i SO AuBs. 
The fundamental precision o^the system is -^^ 
, : ' * 3 c^* ± .01%, 



24,653 
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lath, bridge circuit we have just discussed we set the 
r«.l«tor8. and R3 eqyal. ,0 that the unknown resistance / 
CM b« r.s<l directly from a decade at balance. What it you^ 
w«t.d to .ea.ure • much hi^er resistance than the decade-, 
could give? „ • , 

I.«t us loojc again at the bridge cir^cuit and the balance 
c^dil^ons. Figure 7 shows that circuit with used li-pi„ce 

OX M - , * * 



AN UNEQUAL 
ARM, BRIDGE 




Figure 7^ A schematic of the unequal arm 
bridge' circuit » 



(5) 



The balance equation becomes 

Multiplying both sides by R3, we have 

«x-«l(V«2J/ (6) 

Suppose that we selen^ o t-^ ^ ^ . 

e select R3 to have ten times the resistance of 
Rj* then we have » ^ 

re^^i^Ir"'^"": ^^-s whatever the d'ecade 

reals tor, R^^, has at balance- 

• resistor's" "'hen" «-^le. suppose th^t both R, and R3 were decade 
resistors. Then you could adjust these decades to get the right ' 
value, ^ balance a resistance o. ..ny value. Since there ar "Iny 
different values of R, ,nd R3 „hic^will provide the sa»e ratio. ' 

-r^be^tC r " " "''^ " particular set 

better than others. The answer is yes. In the next section of 

the module, you wiU learn Why. 

^ > X 

" *• 

ExjflBple 3. „ :* ' 

Oi A Wheatstone bridge like the one shown in Figure 6 is 
twed tb measure an unknown resistance. The best null . 
iB observed when the decade resistance is on 55 or 56 
ohms. Recomroend a modification to the circuit that 
will periit determination of the unknown resistance to 



-3%. 



A: 



Tl)e specified overall tolerance will be achievelQ^ R^, 

«rid ^ have individual tolerances of .1%. In order 
to .yssolV^ sufficient significant figures on the-#«ai^e 



re* 

For 

R N 
unknoyi 



mce, an unequal arm configuration is needed. 
?nvcniencc we will ciioose 



. - R" 1 



IOOR3 so that 



■ % 
ERiC 



The b«st null is now observed when the decade is set at • 
5534.*' 4.^ The. unknown resistance ojiculd be specified as 
"x"55.3 : owns, after rounding off ineignif icAnt figures. 



\ 



1^ 



Transducers are often placed in jone arm of a bridge circuit 

as a neans'of balancing out an unwante4**'steady background ""^x.; .. 

Signal. In these applications the bridge is initially balanced J 
sit that no signal is measured by the voltage ^etector in the V 
absence of physical input to thd transducer. An oiJbput voltage 
will be observed only when the physical input to the transducer 
causes the bri^gue to beconie unbalanced. In these applications 
it is generally important that the unbalanced voltage from the 
bridge ^ as large as possible and projJortional to the physical * , 
ehange that is teing studi'etfr^ TTrci""re1a1CtVe size of the output 
vpltage will be influenced by the sensitiv: ^ of the bridge. 
Th« '.actual output voltage of a bridge circuit is illustrated in 
Pi$ur« 8 for several possible combinations is^^f resistance in the arms. 





B ^ 



Figure 8. The unbalance voltage from a Wheatstone 
Bridge verses transducer resistance , R - 



Two important features are iirunediately clear . Neither of 
the' two curves are straight lines. This means that the bridge is 
not linear^ Secondly, the two curves pass through tlie null point 
with different steepness (slope) . This determinea the sensitivity 
of the bridge. . • 




14 



Th« current 1^ through the path contAlning^Rj and R Is given 

by 



-Rj-*- R 



(10) 



Then tl^e'voltage across ±he resistor R on the left Is 



voltage across ^e r( 



Xhe voltage ^icross^Jt^ resistor R on the right is 



(11) 




Vj^ - i^irsr ER 



The difference of these tvio volti 
bridge: . • 



:^es i« th 



ER 



( * R Rj^ + R 



(12) 

e output of the 
H3) 



But the output voltage is zero -unless R^ differs from R^, 
Let's rewrite R^ as Rj + Ar Where is the chdnge in R^ measured 

from the null condition. The output yoltage which depends on A R 
is now given by . ' 



ER 



y ER 



"ER Ar 



Rj^+ AR+r" Rj^ + R (Rj^+R+^R) iRj+R) 



(14) 



Notice that Ar appears two places In this equation, once - 
in the numerator ^nd once in a factor of th"e denominator. 
For «situatioAs of interest to us, how much difference will it, 
make if we ignore Ar in the denominator? Recall that we 
are talking about the sensitivity, near null and at null 
Ar « 0. In our bridge problem we wil.1 be safe in ignoring 

Ar in the denominator as long as it i^ much less tlian R^+R. 
Therefore Equation 14 c^n be simplified to V 



+ R)- 



ARr if Ar« Rj+R. 



(15) 



which is only valid nea^r null. {Otherwise we must use Equation 14 
to calculate the output voltage. • Combining Equations 8 and 15 we 
arrive at /an equation for: the sensitivity of the bridge near null. 



AV 
AR 



if A R« R^ R. 



(R^ +R)2 



(16) 



SENSITIVITY 
' FORMULA 1 
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Example 4 . 



Q: Ose Equation 16 to calculate the sensitivity of two 
,brif}ge 'circuits- near null using (the R values) given 
belQW.^ ^ 

a) R - lOK, R^ iKr E « lOV 

b) R * ik, R^ « IKr E « lOV 
A: For R » lOK 

S - -10(10>000) * ' ' 



(lOOX) + .10,000) ' 



vdlts/ohm 



■10 = 



1.21 X loB 



-.83 mV/ ohm 



For R • IK 



S - 



^10(1000) 
(1000+1000) 



volts/ohm 



-10'' 



• -v5 mV/ohm 





4(106) 

Arc these f indings\compAtible with the curves in 
Figure 8? \ ' ' ' ^ 

k-L6- 



W« hfve already observed that linearity is important * if the' 
output vplUge'ls going %p be an accurate representation of the ' 
physical input to t^e transducer, R^^. What condition must be satis-M 
fiad in order to insure linearity? Examirtat^on pf Equation 15 will ^ 
show that it predicts a perfect straight line for the output voltage 

^ of the Bridge. The necessary condition, 'that R be much less than 

. R^-t-Rr is the condition for linear response* of ^th^ bridge circuit. 
This neans. ve cin always improve' linearity by ^increasing the value 

• of R. (R^must »tay fthe same as R^^ for the brifige to satisfy the 
balance condition.) You should also note that the sensitivity is 
inversely proportional to R according to Equation 16. This means 
) that any gains in linearity associated with an increase in^R,;will be 
responsible for a corresponding "decrease in sensitivity. .There are 
two basic ways to recoup any such loss in sensitiv^lty The external 
voltage source, E, can be increased and the output-signal can be ' 
anpllfied. The mai^ limitation associated with increasing.' B is, the 
PO^'er. dissipaUon limiits of the bridge elements. . Seff heating of ' 
the tranaduper due to high current in the. bridge^armai can be an 
important source of error in some measurements.' / * ^ 

^ — ^ The amplifier would probably need to be a differential direct 
coupled aB5>lifier as shown in Figure 10 




Fdg 



Using an amplifier to enhance the overall 
sensitivity of 4 bridge. 



Thlm building block is difecussed in another jnodule. The 



,of an ajt5>lifier having gain, g, increas 



addition 



es overall sensitivity 
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QUESTIONS 



1; A single Uiemistor is ^i^n a DC bridge to^ produce an 

output VQltage proportion^ to ±h^b change «in temperature* 
The bridge Is driven by a 3 volt dc sourOe. ' Tt)e, ijiltlar 
^ resistance .of the therroistor Is 1000 ohms and Its temper- 
> ature coefficient Is AR/^T - -A ohm/°C. 

- - a) What i« the largTe^t change In voltage^ 

* posslbl^e at the output of the bridge li 

" - .10°C7 * r j 4 - ' 

b) Draw a schematic of the bridge circuit 

- , '^ • J . * , ^ 

. ^ ■ ^ that will producqj. ^t*>i.s output. 

V . , • ' ' . ■ V 

2. In question 1, a bridge circuit was' designed that maxl 

mized sensitivity. ^ It is known that iSis design will not 
have good linearity. ' **. ' 

a) What, error is produced by non-lliiearity in 

the bridge fozs a t^perature change of 100°C? 
To answer this quest'ion compare the predictions 
of. Equations 14 and 1 
ence as a percentage. 




of . Equations 14 and 15 ar^ express, the diff;er- 



b) How could the bridge be modified to limit the 
, non-linearity error in 'this measurement- to 

less than 1%? 

c) How inuch""g^in would^need to bemadded to the / ^ 
detector to recoup the lost sensitivity caused 

" by the modification in b? • 

3 J A Wheats tone Bridge like the on^ shown in Figure 6 has a 

voltage detector just sensitive, enough t^ measure 50 micro- 
volts of ;>si5nacl at the output. Express the precision of the 
bridge in ter^s of the minimum' AR that will ^rodiice this 
output. ' " • 



The Wheatstone ^Bridge discussed 'in Question 3 is to be 
used to ^Allbrate some unknown resistances. It is" de- 
cided that the accuracy of the bridge should be checked ' 
agairfst some resistance standards that are *ikvailable in 
the lab. The standard resistances are 10.17 ohms, 

R^ - 101.34 ohms, R^ « 999*97 ohms, and R^ «= 10/010 o^s. 

a) Which of" these resistors would you chooae'l 
for this check? Explain your choice. " ^ 

b) Suppose the bridge Is lound to have an 
accuracy of .1%, what is the nea^ st sicnif- 
leant bridge reading expecte(^in measuring 
each of these standard resistors? 



^i8 



4 



Th« answers to butfstion 4 should have reveale*d a few of the 
limitations of - the Aequal arm Wheatstone Bridge. Design an. 
unequal any Wheatstone Bridge^capabLe oi^measuring unknown 
resistano» of th^^ range of 1 to 10 ohms with 1% accuracy. 
A««u«ft-^u have' avatlabl^ a ^1% decade which 'can be adjusted 
ohm^steps froin 0 to 100,000 ohms. Assiune als'b that a 
rfeage detector is available which w. 11 provide all- the 
sensitivity netedbd for th^se m«asur^] jnts. Draw a schematic 
<llagran similar t^o Figure 7 showing the values and tolerances * 

eaqh resistor. Explain the' operas; Dn of your proposed 
circuit for measurements in th^s resistance range. 

6. Check the uneqiial, arm BlB^dge design in'Que^tion 5 to *see if * - 
there is a^problem with excessive power dissipation in the " 
J-o* resistance- arms of ' the bridge. Specify the. inaximum \ • 
, voltage thtot can beAjsed to drive the bridge if the power 

V dissi^tion in any element is to be legs than the .*1 watts. 

•7. In the unequal arm configuration of the Wheatstone Bri'dg^ 
the detivation of bridge sensitivity will . lead to tyo ' 
different results depending on whether the Ar is associ- 
ated with' a change in the decade resistor of a change in 
the unknov;n resistor (as in the case of a transducer). . 
Show that the expression ior sensitivity, when the bridge j 
is used with a transducer in the location of R , is given 

. by . 



-ER^ ■ D 

«3 (1^1+^2^ 1 2 

Proceed in your derivation along the lines used in 
% Equations 9 through 16 with a modification in the logic at 
the point where the subst^ution is made -or R^ near . null. 
Recall that in the unequa^arm configuration the balance 
condition is R„ ^1 ^3 so iKat near null R should te 

'replaced by R,R, , ■ 

^2 ■ \ 

You can also show that this sensitivity is just ^ times 

the sensitivity obtained when ^ R is associated with the 
decade resistor instead of dj transducer at location R^^. - 
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AC BRIDGE COi^CEPTS 



■^Hit- 



Objectives: Explain wh^ 



AC bride es are often used instead of DC bridges. 

Identify three fundcjnental differences ^ "^hween*AC and DC 
bridges. • ^ \ 



.'Distinguish the terms resistance, reactance and impedance. 

Explain the fundamental d^^fferences between resistive aftSS 
reactive circuit elements. ■ . \ x ^ . 

Explain precautions that should be recognized when addi^ig 
• voltages and current amplitudes in AC circuits. 
•• ' * ' 

: Explaiji how Ohm's Law can be ^used in modified form in AC 

circuits. ^ / - 

Work problems involving alj of these ideas. ' 




An. AC bridge .is a variation of . the Wheats tone* Bridge, where 
the bridge is driven with an AC signal rather than DC and the 
arms of the bridge contain generalized resistance-like elements 
called impedances . Tfftese change's are illustrated in Figure il^ 



WHAT„IS AN 
AC BfilDGft? 




Fxsrare II. General schematic' of an bridge. 



The possible variations of this circuit are- enormous since 
each 'impedance can i be cbmpor.ed of a series/parallel netv/ork of 
resistors, capacitors and 'indfuctors , The mathematics Uiat are 
Used to discuss AC. bridges involves the ^use of complect ^luinbers 
A which* we witih to avoid using here. We will therefore restrict 
our attention to one canmon type of AC bridge which we «;an dis- 
cxiss In simpler tenos. \ * ' 
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We have just mentioned that* the Bensltlvlty?of DC brldgea . 
can be enhanced by adding an aihpilf ier to the output of the ADVANTAGES 
brid9e* When a Wheatstone Bridge is driven AC# the balanc/e- * ^ OF AC BR I 

conditions' are still the same* but now the output is AC and * 
can be amplified using an AC amplifier. This will eliminate 
errors due to offset and drift^in the amplifier and effects 

an overall improvement in signal^ to nois^. For this reason ' / . ^ 

alone it is common^ to use AC for driving- a Wheqtstone ^idge- 
Some jot^the other advantages are more subtl^ and require 
a closer lookjat t}\e^ properties of transducers and the balance 
conditions for AC bridges. In general, transducers produce ' 

both resistiu^ and reactive electriWl res^nses to a physical' • ^ . 

input. We jhave seen how the Wheatston^ Bytidge can be used to 
neuure the resistive variations in tr^^nsducer output. What > 
i« \2i?e origin of the reactive comj^onent ^n a ciifcu^ element 
-or transducer? Hpy can these chilVacter iatics be investi- 
gated? How is reactance diff ferent' than ^^istance? 
Bow do these two ideas combine to give meaning to .the word 
lapedance? What do these 'itteas hkve' to do with balance f" ' ' 

conditions \n AC bridges? These are ■'the questions we must *t . - 
now address. ' ^ \ . ^- 

Capacitors and inductors respond to the passage of an 
•lectric^fl current in a way that is fundamentally different 
than a reutistot* At DC neither device plays a roll in circuit ^ . 
analysis/except at the transition between DC levels. \ The capac- ^ 
itor look* like an open circuit and the inductor looks like a 
short circuit. S^nce these two circuit elements are the origins ^ 
of^reactance in all networks we are already able to give* this 
quantity a value at DC, If the reactance' is, <3ue to a capacitor 
it is infinite and if it is due to an inductor -it is zero. If , / 
we performed all measurements at DC We would never be able to ^ 
determine the capacitance or inductance of a circuit element or .• ■ 
transducer. The reactance would always have the same value re- \ 
gardless of the size of these components. Even this simple DC 
'^analysis shows^ that inductive reactance is different than ca- 
pacitive reactanc^ TJ^e value of these'^^wo quantities may be 
calculate at any frequency using Equations 18a and 18b. 

'N^ Xj^ - Inductive reactance - 2*ir £L , (18a) 

- Capacitive reactance - 1 , (18b) 

2Tr£c ' 

where f is the- frequency in Hertz, L the inductance in 

Henries and C the capacitance in Farads. The unit for reactance 

is Ohms the same^ unit ysed for resistance. ' ' 

\The use of AC is essential 'for measuring the value or de- 
tecting the presence of eith^ of these two electrical properties. 
It is Sometimes important to realize that there 'is no such thing 
as a pure resistance; Every resistor' will begin to manifest the 
chare teri sties of a capacitor arifa/or an inductor at sufficiently 
high frequencies. AC bridges are used to investi^te these imper- 
fections in real resistors. It is also true that there ^s 'no such 
thing as a. pure inductance or capacitance. At sufficiently high 
frequencies, resistive effects will begin to dominate their elec- 
trical characteristics. AC bridges are used to th«*^ effect? 
as well. Transducers oft^n exhibit a combined resistive and reactive 
response to a physical 'input. It is only possible to separate thes^ 
two pieces^ of information using, an. AC bridge. 
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nd voi^^ges are pre- 
When the voltage 



Th« application of hC signals to a pure resistive circuit 
element results/ in a voltage waveform thaf is" precisely in, 
phase l^th the associated current passini^^*5i^ughi 4he device. 
The current ancl voltage reach their majfimum yalues*^ip 
at the same time and are simultanec^s/y zer^ at aijtoljher time 
In pure reactive ^l^ents the AC curr 
cisely 90 degrees out of phase at all 

reaches its maximum value, the current j^y^assihg through 
^ero and vice-#ersa. This is the^i^daJfental difference be- 
tween res is tive^and reactive Cifci/it elements. A' consequence 
of this fact tha^ eiect^rical power (current x volt^e) is. . 
xero in any pure reactance^ It ,can neither rec^ve nor deliver 
any net P<^^er in»an Ac circuit. These phsfi&e sbirf ts complicate 
the balance* conditions for AC bridges. * 11 balance is to be 
achieve^ thtf AC voltages at points A an^ B i'ti Figure -11 must 
not^nly have the, same Samplitude, "they must/alsg ^be in phase 
at all^ times. \ . • ' " ^ 

The peculiar phase relationship between current and voltage 
Also con^Jlicates the rules" that must be used when these two quanti- 
ties are added together to obtain t^e electrical quant4ty called , 
impedance. ^'The impedance of a circuit element, such as a speaker, 
is often specified by a quantity like 8 ohms. If you^measure a 
speaker '^sing a DC Wh-eatstone Br^-dge or, an ohmmeter-, the nximbet ^ 
'obtained wb^ld prbbaBly be more like A ohmS or less. Impedance can 
not be mea£m:ed at DC because DC^ ignores the reactive contribution 
^of the speakfer's indifetance and measures only the resistance. Th*e 
'Reactive cbntribution dependes on the frequency used in the measure- 
ment and so will the impedance. Since all three of these quantities^ 
are. measured in ohms It is easy to be confused. In simple elements, 
it is- oft^n possible to use impo^ance^or- reactances to compute the 
relationship between AC currents and vo^tagfes. in much^.the same manner 



DISTINCTION 
BETWEEN 

^ RESISTANCE 
AND . ; 

• REACTANCE 

BALANCE : 
' CONDITIONS 

, ' \ : iwAc 

[ : BRIDGES : 
/ f 



as Ohra's^Law is used with resistance in DC ,,*d4.rcuits . See Figure 12 
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~ 1 

APPLICATION It 


PHASE 
SHIFT 


FREQUENCY 
DEPENDENCE 


R '« V ^ 
I 

2 - V ' \ 
I 


Capacitivc 

Indudtivej 

^sistivc 
(Ohm's 

Complex 


elements 

elements 

elements 
Law) 

:tworks 


. • 

• X leads V by 
90 degrees 

I lags V by 
90 degreibs 

I ^and V.«in 
phase . 

^ all- shifts from 
+90^ to -90 degrees 
possible 


« 1 1'^ 
2TrfC f 

. - 2TrfLi<^^ 

None 
^ Complex 


^ 




1 . ^ 



Figure, 12^ 
'4 



How to use Qhm's Law for comparing 'the' 
magnitudes of currents and voltages in 
resistive, reactive and Complex circuit 
element^. 
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\ APP^^ent dlacrcpAncics are often observed when the famfllar 
/ rules for adding voltjigee or curr^ts iiyDC circuits n're used ittproperly 

irfT AC circuits. Two ^ixaa^les. are shown/in Figure 13. * 

r . ■ ' 




4/ vdlts 




Figure 13. Tw^ Gxamples of^ apparent violatdgn ^ 
- ^JLTcuit ^irincipl^s in AC circuits:^ 



basic 



Such discrepancies always occur the amplitudes 

of *C quantities are added vxtiiout* reco^nizirtg that each of the' 
quantities involved attained t^xr respective maximum values at 
different times* At any Instant in time trie -voltages an<T currents 
will add corredtly in the familiar way (see Figure 14) but one can 
not simply add the_ largest valued of AC quanirities and ignore the 
phase reliltionship betl^fcon the waveforms. ^ ;. \ 

As we have alreac'" -i ---.i,.^-:-. *.i -Jl. 

r^uir^s the use of ye< 
appropriate r^sdurc^s are mentioned in the reference material for 
the pursuit of these ideas t Ctn the other hand, o*e can easily verify 
these concepts by direct measurement* in the lab. 



/ 




Time 



Figure 14. Three AC waveforms with 'peak amplitudes 
of 3, 4, and 5 vo^ts. The phase shifts 

. are such that at any instant the magni- 
tudes of the' 3 and 4 volt , waveforms can 

* Jbe wadded together to obtaih the magnitude 
of the^ 5 volt wpvefomr^ 
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> THE . WIEN BBiDGE 



/# 



ibjectivias: Explain the "Relationship between the-two general requ ir anient s' 
• 4 for Balance^ iiv AC bridges and the .balahce conditions of the 

* .\^Wierr' Bridge. ^The relationsh^^an be' seen through an expla-' 

-. ' nation of •hhti C'i•^-^•^^^'i■c •r-ac-r\m-tt^ *-« jj&4r_~. «_ 



< ' nation of the circuits responste to dj^f erenct frequency AC 
-signals'.) . • ^••^-^^/- - . . ' 



^ An actual AC ■■bridge that illustrates all of the concepts we 
*»«ve jw^st discussed is shown in Figufe 15. ^ " . 




r, 










o • 
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jFlgure 15. The Wien Bridge with cathode ray o:^cilloscope 
„'V detector and adjustable AC signal source attached. 



AC input to thertridge oArcuit is ■ provided by a*variable fre- 
quency signal generator and vthe unbalanced output, if any, is^ de- 
tected with an oscilloscope. \There is a frequency at which th^' two 
balance conditions for an AC bridge will be satisfied. That fre- 
quency is given by Eqi/ation 19* «, 

1 \ 



f « 



(19) 



if the two Rfi and the two Cs are identical. If the components i4i 
the left hand side of the' bridge are not matched, balance is still 
possible but the frequency will differ from that predicted by 
Equation 19. If the components in the ?eft hand side are propelrly 
matched^* null should be^ observed v^ea ic ,ket equal to twice , 

In this AC bridge the two parameters that must be adjusted to 
obtain a null arc relatively independent or ^ orthor/onal .. to each 
other. This is a highly desirable situation in' AC bridges. ^If 
..substantial interaction exists between the fcw^ parameters chosen for 
; adjustinent, it is practically impossible to, devise a procedure 
for finding the two null conditions of thp bridge*^ There in no sub- 
stitute for a liberal dose ofi forma| mathematical ^analysis of the 
circuit to unravel these mysteries of AC bridge de^gn. 
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' ' is irnstructivc to briefly consider th^ action of each ^ 
<^ side o£ the bridge in satisfying the two balance^ conditions. 
The right hand feide of the bridge is a pilrely resistive voi- 
"Uge divider network. ^ , The AC signal appearing at point B will 
^-be In Vh/sc with the applied AC signal ,no matter what f rd- 
quency is chos^. The amplitude is adjustable ovex'a wide * 
range depending only on the rela^^e values* selected ^fc^r^R, • 
and ' If a null xs ever gtoing^ to be achieved with this 
bridg^^ th^s^gnal at paint A will have to be^in phase \7i€t\ the 
applied AC signaljand- hence with the signal at point B. Once 
this^Batch in phase is achieved, the amplitude of th^two ^ 
V .signals' can be matchejd by adjusting R. . 

' J. -^The' resistive and rjeactiv^e components in the Jeft^'ha^g^ side 
. the bridge are arranged so that th^-^phase of' 

i^i"t ^ is a functiori/ of ihe^ etp!^lik& frequency. A ^ very low f rer 

^ency^^the amplitude of the signal^ at point fi ttppajOaches zfero 
'^^'^S the phase shift approacHes 90" degrees ahead X)f the 'driving ' 
\ signal. ►At very liigh l[requencies , the^ afhplitude;ojl the sigi^al 
appifoaches zero but now t^e phase shift appro^^ches degrees be- 
hind the driving ,s4.gnal . Somewhere between^ these twos^xtremes ; the 
amplitude reaches a relative maxJSum and the phase shilts^oes to 
zero. As soon as we, have discovered the frequency where the^ 
shift at point A goes to zero the bridge can be. balanced. Simply^ 
""^just so' that the amplitude at jpoi nt B matches the amplitude 
at^ point A and null is achieved. T , . 
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QUESTIONS 



8« The current through each element , in any serl^ circuit 
must. have the sane value'a^ any instant, i Suppose an AC 
current of 1 amp passes through a series connected re- 
sistor of 4\6hras and-'.capacitive re^t ince 'ol. 3 ohms. 

► , * "Using Figure 12,pre|iict the magnitu<3| of 

' „ . AG voltage that would be measurfgd across 

* " - both elements. 



b) .What phase shiYt ^ust exist ''between these;.^ 
/ y ^ . ■ , ■■ 

two voltage waveforms? 

. * 

^i^c)^ Carefullji sketch both voltage ^waveforma 
^ •. •■' with* the. proper phase relationship <for ore ^ 
• ^ ' V " . conlplete ^cycle . . * 

d) Ad'd' these two waveforms' together to find 

^ ttfli^ vavef orm of the total voltage across . 
the . series combination* * 
■/^ ' - ^) ^ Again » refer to Figui;e' 12 and .compute the^ 
. . •« 'impedance -for this sdries netw6rk. ' - 

' 9/ Thif Voltaire ^cross^eiacb dlement 'in any 'parallel cigpuit 

^ must have the same valiip 'ajt any^ instant. Suppose an AC 

v6l€Sge« of 12 volts as a|)plied to 5' parallel combination 
4 of 4 ohms resistance and O ohm^ inductive reactance.'^ 

' a) Using.^iguro 12, predict the 'magnitude of ' 
, ■ i ■ >» - ■ . 

; • AC current -that would be measured through'' 

» . ' both^^lem'ents. *" . 

b)* What phase sh'if t must exist between these two 

current- waVeforms? ' 

" c) Ca2:jefully sketch both current waveforms ^with 

the propexf. phase relationship for one com^ 

- plete ^ycle. v 

4 ' ' d) * Add these two'^wavef orms to find the waveform 

6t the total ctJrrent through the parallel combi- 

^^ation. . ' ' . ' , 

. c)» Compute the impedance for^tliis parallel network 

using Figure li§» , 

8 _ ' ■ , • ■ ' " 

^10. The AC bridge shown In Figure 14 is called a Wien 'Bridge. 
One of the balance conditions 16 shown in . Equation 19 - . 
Show thatr this balance condition is eguivalent to the 
statement that afnull the dapacitive . reactance of C ' 
equals the xesist^cg of R." - ' , 

**ll'- Analyze the left hand side of ' the brijtge \tn Figure 14 

using the methods developed in Queartj'^ons 8 and 9 to show 
that at null the dlmpcdance of the'uj^per 'arm is twice that 
of the lower arm- conforms with the ^second balance 

condition for the Wieti. -Bridge , i.e. ^^7.^^. 




LABORATORY 



Objectives: ^uild a Wheatstone Bridge ani\ use it to 

'> 

a) measure several unknown resistances, 

b) measure and maximize the smsitivity, 

" c) measure output voltag^ and.Oh||jerye non- 
linearity and 

c) balance out the initial offset resistance 
of a thermistor. 



Build a Wien bridge and use it to 



a> >^verif y two balance conditions for AC bridges, 

b) study and record the frequency dependence of 
the phase shift produced in the arms of ^an AC 
bridge, and 

c) balance out' the initial offset reactance of an 
AC transducer. ) 



MATERIALS AND EQUIPMENT 

1 DC power supply with several output voltages. 

1 Signal Generator 

1 Oscilloscope ' - 

1 Decade Resist^ince ,Box/ 0 to 100k 

1 Thermistor ' ' 
3 10k resistors/ two matched , 

2 Matched Ik resistors, 3. 9,k resistors , 
39k resistors and 100k resistors 

2 Capacitance Snhstitution Boxes or several matched 
capacitors .001 \ifd < c<.ol pfd 

Assorted coils of copper wire 

1 1:1 Audio Transformer - , 
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EXPER5MENTAL PR( 

The laboratory will focus attention on the two basic* types 
of bridges Circuits we have studledi Wheatstone and Hlen bridges. 
He will use the Wheatstone Bridge to measure several unknown 
resistances r to measure and maximize th^ sensitivity of the basic 
bridge, to measure and observe the non-linearity of the output 
voltage and to use the fcridge to null out the offset voltage pro- 
duced by the initial resistance of a thermistor. The Wlen Bridge 
will be used to investigate the two balance conditions necessary 
for null in an AC bridge r to study the frequency dependent phase 
shift produced by impedance networks in the arms of the bridge and 
to build a »etal detector with a reactive transducer 




1« For our first eicperiment we will use the Wheatstone Bridge ip 
measure a ^f ew "unknown" resistances. Build the circuit shown 
in Figure 6 using the DC power supply to drive the bridge and 
the oscilloscope for detecting the output voltage. The oscillo- 
scope should be direct coupled to the bridge. ■ The xero position 
for the>trace should be set to the vertical midpoint of the 
scale and the senitivity should be set initially at about 1 volt/, 
division. Use two matched 10k resistors in the bridge. 



The nc*xt/step in using a Wheatstone bri(^ge is finding the balance 
or null condition. From the' discussion^ we know- that the unknown 
resistance will equal the setting of the decade resistance at 
null if the 10k resistors are matched. One systematic procedure 
for finding null begins by setting all th^ decades to th,eir^^^ 
highest value, nine. When the power supply is turned off the 
oscilloscope trace should still be vertically centered on the 
screen. When the power supply is turned on, the trace will de- 
flect away from the xero po&tf^n. Adjust the oscilloscope sen- 
sitivity so that the deflected beam remains on the screen. 
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Proceed to decrease the decade resi-stance in the largest possible 
steps and observe the output voltage from the bridge. As the^ 
output moved toward hullr continue decreasing the setting wof * 
the decade. If the output moves away from null» the unknown 
resistance 'is greater than , the decade resistor and measurement ' 
with this circuit is impossible. When the output passes' 
through null, return that decade switch to its previous setting". 
Then fixop down to the next lower significant decade and repeat 
this procedure. ' , 

we get closer to null it will be. necessary i:o continue 
increasing the sensitivity pf the oscilloscope. This will 
improve our ability to determine the precise null point 
s«nd hence the precise value of the unknown resistance. A 
useful trijCk for distinguiehincj small departures fron. rull 
is to, switch the power supply on and off while looking for 
s denection of the trace. At null no deflection should be 
observable, ^ ' r • 
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At soniQ point It will no longer be poBsible to improve the 
fiull as observed on the osciLloscope . The setting of the 
decade ^^jresistor, rounded ofj*to the last adjusted decade* 
is the best value this circuit can give for the unktiovm 
resistance. Can you suggest another c /stematic method for 
finding the null or b'^lance condition ? 



Determine the precision of the bridge. Express this in 
^erms of the smallest steps on the decade resistance that 
will produce an observable change in the output. Report 
sources of error in the measurement process t^at will .de- 
grade the precision of the measurement . Can the procedure 
be improved to overcome the error? Considering the pre- 
cision of this bridge, what is the lowest percentage toler- 
ance warranted for the decade resistance and fixed resistors? 
Explain your reasoning. . 

Determine the sensitivity of the bridge. Use ^e definition 
of sensitivity in Equation 8. Measure the change in voltage 
pn the output and divide by a corresponding change in the 
iresistance of tiie decade resistor: Calculate the. predicted 
sensitivity according to Equation 16. Record and compare your 
calculation with your measurement. Replace the 10k resistors 
in tulrn with the Ik, 3,9k, 39k and 100k matched pairs and 
repeat the sensitivity measiireraejit and calculation. - Sumiqarize 
your ol>servation8 -in a table. 



From the information on l^ridge sensitivity obtained in Step4, 
create a graph similar to Figure 9.' What qbnclusions can be 
drawn from these, data about maximizing bridge sensitivity? 
Ve^rify that changing the power supply voltage has the expect;ed 
effect on bridge sensitivity. 



Verify that "the ^balance conditions for this bridge are the 
saibe with an AC drivign signal as they were for DC drive* 
Replace the power -supply with the variable frequency signal 
generator and devise a j^ulling procedure for AC signals. - 'Do 
the results agree? Is it easlier to find null? ^ 



It is pos,siblre to use a thermistor as the unknown resistor in 
our bridge circuit. Since the resistance of the thermistor 
changes as the temperature changes, this circuit can be used, 
as an electron4c thermcmetcr . Optimize the sensitivity of 
the. circuit, calibrate the output and record your design. . - 
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• t. Build a Wien Bridge u«ing the fichematic shown in^ Figure 15 
where ie the decade resistance box or a 100k pot, ^2 
39)c« R ia 10k. and C is somewhere between «01 and .001 micro- 
farads. The circuit shows the bottom corner of the bridge 
grounded. This presumes that neither of the oscilloscope ' 
connections are referenced to ground, i.e., the oscilloscope 
has differential ^npMts. If two points on the bridge circuit 
are grounded through connections to the oscilloscope and signal 
generator, the circuit wi^ll behave in, ai> unexpected manner, 
• Unformtunately this situation often arises without recognition 
by the user. Multiple^ grounding of this cirruit will effect- 
ively short; out one of the essential bridge arms through an ( , 
external "ground loop" and no null will be possible. There ^ > ^ 
are several ways to avoid this problem. One easy solutionj-is ' 
to introduce the AC signal through an audio ^transformer and 
leave the bottom comer of the bridge ungitQiinded. You can 
then safely ground any one point in the bridge cir<:uit with ^ 
one of the oscilloscope leads and measure the voltage differences ^ 
at any other*^oint in the circuit. Differential input is no 
longer needed. 

9. Find the null conditions f or^ the Wien Bridge. Again a pro- 
v . cedure is needed to systematically determine the balance or 

null point o^f the bridge. Since -two conditions must be satis- ^ 
fied for balance we sh<iuld expect to -simultaneously minin^ze 
bridge output for two adjustable parameters. The two pariuneters 
that are within our- ppwcr to adjust are the frequency of the 
AC signal source aj»d the decade resistor. If either of these 

■is'very far f reitJ^alance , the null in the output vojtage may be > • ^ 

very slight, v^t may be necessary to minimize^ the output 
'through adjustm^t of the frequency parameter , then adjust the 
decade for best null and repeat this cycle through several ' ^ 

iterations before finding the best null. ' , 

. \ V ■■ ■ ■ . ■ ' 

. 10. Verify that the' balance conditions for the Wien bridge 
^ agree W^th theory.' Docs thej.^ measyredt^^f^requenoyv agree with 
\ ♦'the pre^diciton Of Equation 14? ^fs -R^-: twice the size of. Rj? ^ 

Are observed di^cri^janc^e^^^arfesorifa^Kle?^ Expl^^ .'o ■/ ^ ^ • 



'iiil MefTsux^f-tHe, output^ function < ' - ^ 

• of the frequency bf't^!^^ . ' ^ 

refSiire consideiriOb^^^^^ ' 

Phase shift measi^einen^Ri;;ar0^^^^^ » . ^ 

reference. The A£ si^gj^lj^i^u^'i^ 

here. Trigger the ;osoi;i;i4iSy6^^^^ brldgb input wavefonn , V<s^ 

and the phase shift at thi^'' output of the \ridge can be obprved * 
on the oscilloscope display. Figure 16 shows a block diagram 
- for doing this . ■ ' t 
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Figure 16. A block diagram of the exper 
measuring output phase shift 



jital setup tor 

om the t/ien Bridge. 



Begin the measurements with the bridge balanced, then vary 
Only the frequency of the signal source. Amplitudes and^ phase 
shifts change most rapidly near null. They both should be 
^ aejto whpn the bridge is balanced. Gather enough data so you 
can sketch a graph' of both of these quantities for. all fre- 
auencies. / • 

• (' 

12. Add an inductive transducer to the basic Wien Bridge and 
• discover how the null conditions are modified. A good 
place to add this circuit element is in series with Rj'in 
that arm of the bridge. The transducer may just be a coil 
wire which will sense the proximity of metallic or magnetic 
objects. If the transducer is going to be sensitive as a ' 
sensing device, the inductive reactance, will need to be about 
the same size as Rj. Use Equation 18a to estimate the approx 
imate ^inductance desired. It may be difficult to construct 
an open coil of wire having this .much inductance. You may 
find useful to construct a -variety of coils and experiment 
with them in this circuit to see how each modifies the. balance 
conditions. Compare theamount of unbalance signaj^ tihat is, 
produced when a "standard" metal object is placed in the center 
of each coil. Alternatively, it may be easier to study the 
effect of changing the size of on the relative sensitivity 
of the bridge.' Other circuit locations' for the inductor 
appear to be possible but study of the phase shifts and ampli- 
» tudes that axe produced as a function of frequency at point's A 
and fi will show that null is not always possible. A little 
experimentation will soon convince you that, in the long run, 
the analytical approach will epxedite AC bridge design. See 
the Reference material. for some suggested reading on this . 
•ubject. t 
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GLOSSARY 



AC BRIDGE 



ACCURACY 



ARMS 



BALANCE 
.CONDITION (S) 



BALANCED 



Complex - 
mathematics' 



COMPLEX NUMBERS 

' IMPEDANCES f 
LIMEARITy 

ORTHOGONAL 
PRECISION 



an electrical c rcuit having four arms, eacMCarm consioting 
o? «n inipedanc , whicfi are connected together in a loop having 
four junctions. This circuit ic driven at two opposing junc- 
tions by an AC signal source and the Eutput of the circuit is 
defected b? an C detectors connected between the other two , 
junctions. It -s generally necessary to satisfy two balance 
conditions in order to null, the -output. 

a sp'ecification of any measurement process which eJtpresses the 
Seg?ee to which the pLcess is able to determine the actual value 
of the measurem-nt. This result^ in an uncertainty which is 
Usually express, d as a percentage of the measured quantity. It 
is of ten deferred to as the' tolerance of the measurement process. 
■For exI^Jple., resistors are color coded^ according to the values 
measured, in processes whose tplerance is 5», 10» or 20» . 

in bridge circuits, four impedances are connected in a loop at 
four junctions. These four junctions define the points at which 
' externaJ connecaohs are made to the ba9ic bridge circuit. TJie 
four circuit portions that lie between each of these four corners ^ 
are called the arms of the bridge. » ., 

in bridge circuits, the combination of circumstances that -""st .be 
mCt if the output is to be zero for non-zero Input. These cifc™" 
stances usually involve necessary relationships between the circuit 
par^eterrsuch as the r^tio^of resistances or.the frequency of the 
driving signal'. 

in bridge circuits, the sta 
when the input is non-zero, 
•the body of theory whi€h defines the rules for manipulating quantities 
-that must be specified by two independent numbers. .It is especially 
usIfuT in the analysis of the electrical quantity called- impedance / 
^h!ch is composed of ^the '-two quantities, resistance and reactancfe. 

- numbers which are composed of two independent parts.* 'Vl^ .^'^^Hi. 
nfThiq number system is ■called complex mathematics. It is impor- 
tant In e^^tronics Secaule impfiJance can b^ represented by a complex 
l^lt^J^ 2=R+iX where R i^ the resistance, X is the reactance, and 3 
jr^he'sy^Soi us^l to disti^s^. one part of the number pair. . 

./eircuit elemen-ts which contain ^sis^ive and/or reactive parts. 

en-4Mo 



injwh 



[which the output is, zero or null 



PRECISION DECA!5i^ 
RESISTANCE SUB- 9W 
STITUTION BOX 



REACTIVE 
COMPONENTS 



aj;enn used to describe the relation^ip betweern/tao inter- 
related circuit p^irameters.. In the Singe in ^^i^^^.^^^^ . ^ 
proportional, the pircuit exhibits linear response. . Otherwise 
the response is ron-linaar.. ^ . 

in AC bridge circuits, the term use(? to define ^^ose bridges 
wSose design permits adjustment of either balance parameter 
without alteration of the other 'balance condition^ 

a term used to .express the resolving power of a . ^ 

Droc6ss. It ma? be conveniently stated in terms of th^ smallest 
change In the measured quantity that can be discerned through 
^hrmeasCrement process. Another way of stating the ide^ xs,v 
bv sSying the minimur. distinguishable difference between , two 
measured quantities, ffhe precision of a Wheats tone Brxdqe could 
Se spelifred as *.l Ohms, meaning that changes thxs large are 
needed to measurably" klter the bridge output. 

a.switchable resistance box in which ^^^^^^^f "^^^^^^^ 
dards have been followed in order to. insure that the total re 
' s!starice Llfected is accurate to a predetermined tolerance such' 
as 1%: or .1%. 

circuit elements in. which the applred AC currents andjvoltages 
are 90 degrees; out of phase. These effects are observed in 
ir)ductors and ca^citors. 



■L 
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SKNSITlVITy 



a ratio between the changes in two inter-related circuit pa- 
rametets* In "bridge circuits, the change in the output voltage 
divided by the corresponding change in the impedance of one of 
the anna. 



VECTORS 



VOLTAGE DETECTOR 
NUEATSTONE BRIDGE 



physical quantities which have both magnitude and direction. 
They are sometimes used to represent AC voltage where the 
magnitude is used to represent the peak voltage and the direc- 
•*^tlon is used to represent the relaHiive phase, < 

, . X- ' ' 1 1 ^ 

a measuring device which is sensitive to small voltages* 

a circuit consisting of four resistances ^connected together 
in*a loop at /our junctions. Two opposing juncti^ps or comers 
are used for connection to an external voltage 8b>%ce. The 
remaining two junctions provide oytput to a voltaS^e .detector. 
The output is zero for certain resistance ratios w^jph makes, 
the circuit useful for measurement and calibration/c^ unknown 
resistors:. > ; )? ' 
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7.5 mv, R2=R3=lk. ' 
5%, 9k, g = 5. 
About 5 ohms'. 

a) , can be verif ied^to within 50% 

can be verified to within 5% . 

- '1^2 can be verified to within .5% 

R4 'can be verified to within .05%, use 
this, for testing the accuracy of the 
bridge. 

To')' 10; 100; I60O; 10, Old. ^ '. 

R2 = IOOR3, ; both R2 and R^ should -be .. 5% 
tolerance or better. 

O = >l"Pinax«3 \ / ^ ' 

a) 4 Volts, 3 volts:: 

b) 90° ■ ■ 

\ -ff ' 

c) 7 

d) j Figure 14. 

e) 5 ohins ' 

a) 3 amps, 4 amps. ' ' 
bj 90^ ' 

c) 1 ^ ' ' 

J See Figure 14. ^ 

e) 2.4 ohms 



